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Abstract 
A novel photoexcitation method for the light-addressable potentiometric sensor (LAPS) realized a higher spatial resolution of chemical imaging. 
In this method, a modulated light probe, which generates the alternating photocurrent signal, is surrounded by a ring of constant light, which 
suppresses the lateral diffusion of photocarriers by enhancing recombination. A device simulation verified that a higher spatial resolution could 
be obtained by adjusting the gap between the modulated and constant light. It was also found that a higher intensity and a longer wavelength of 
constant light was more effective. However, there exists a tradeoff between the spatial resolution and the amplitude of the photocurrent, and 
thus, the signal-to-noise ratio. A tilted incidence of constant light was applied, which could achieve even higher resolution with a smaller loss 
of photocurrent. 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Semiconductor-based field effect devices together with chemically/biologically active materials consist an important branch in 
the family of chemical sensors [1]. By detecting the variation of the inversion/depletion region in response to the surface potential 
change, the information of biochemical reaction taking place at the sensor surface can be obtained. In the case of the capacitive 
electrolyte-insulator-semiconductor (EIS) sensor, a small AC voltage is applied to the EIS system to read out the variation of the 
capacitance of sensor. However, it can give only the spatially averaged information of biochemical reaction. In 1988, 
Hafeman et al. developed the light-addressable potentiometric sensor (LAPS) by applying the scanning light pulse technique [2] 
to the capacitive EIS sensor as shown in Fig. 1[3]. A typical LAPS setup consists of a LAPS chip with an electrolyte-insulator-
semiconductor structure which is biased with an applied voltage, and a modulated light probe illuminates the back surface of the 
LAPS. When the light is turned on, electron-hole pairs are generated due to the absorption of the light, and they start to diffuse. 
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3. Results 
Figure 3(a) shows the decay of photocurrent at the edge of the metal electrode, obtained with and without a normal constant 
illumination. The gap distance between the modulated and constant light was changed from 30 μm to 980 μm. Figure 3(b) shows 
the spatial resolution, defined as the distance between the two points where the photocurrent becomes 60% and 40% of its 
maximum value. The simulation result in Fig. 3(b) indicates that the spatial resolution can be improved from 82.32 μm to 
50.93 μm at the gap length of 230 μm and it has dependence on the gap distance between the modulated and constant 
illuminations. 
Fig. 3. (a) Decay of the photocurrent observed at the edge of the metal electrode obtained with a modulated light only, and with a combination of modulated and 
constant light separated by various gap lengths. (b) The spatial resolution as a function of the gap length between modulated and constant light. (c) Minority 
carrier distribution as a function of the gap length between modulated and constant light. 
Fig. 3 (c) shows the minority carrier distribution with different gap distances between the modulated and constant 
illuminations, when the modulated light is turned off and on. When the constant illumination is placed very far away from the 
modulated light source, i.e., the gap distance of 980 μm, the constant illumination has little effect on the spatial resolution. When 
the constant illumination is moderately near to the modulated light source, photocarriers generated by constant illumination 
confine the diffusion of photocarriers generated by the modulated light source at the center, which leads to a smaller photocurrent 
and a better spatial resolution. However when the gap distance between the constant illumination and modulated illumination is 
too small, i.e. 30 μm, the distributions of the photocarriers generated by the constant light merge together and increase the carrier 
concentration at the center. This leads to a drop of the photocurrent at the center, and thus the steepness of the decay of the 
photocurrent as a function of lateral distance becomes smaller. It was also demonstrated that a higher intensity and a longer 
wavelength of constant light resulted in a higher spatial resolution [7]. 
The loss of photocarriers by enhanced recombination improves the spatial resolution on one hand, but, it also results in a 
smaller photocurrent, and therefore, in a lower signal-to-noise ratio on the other hand. To overcome the tradeoff, the constant 
light beam was tilted inward as shown in Fig. 4. A larger space left for the modulated light in the vicinity of the back surface is 
expected to decrease the loss by recombination, while the constant light focusing at the front surface is expected to effectively 
confine the photocarriers near the space charge region. In this study, the effect of the tilted constant illumination was investigated 
by the simulation, which was performed to change the constant illumination from normal incidence to the titled incidence with 
angle θ of 45º and 75.2º. 
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Fig. 4 Zoom-in geometry and optical generation of a combined illumination with a tilted incidence of constant light surrounding the modulated light. 
Figure 5(a) compares the photocurrent decay patterns obtained with normal and tilted incidence of constant light, i.e., 45Ϩand 
75.2Ϩ As indicated by results in Fig. 5(b), generally speaking, the tilted constant illumination with a larger incident angle 
resulted in a higher spatial resolution and a larger amplitude of photocurrent. When the constant illumination is more tilted 
inward, it leaves more space between the modulated and constant light sources at the backside, which reduces the recombination 
at the backside and more carriers generated by modulated light source can diffuse up to the space charge region. Then, constant 
light penetrates into the substrate and focuses near the surface, and generates photocarriers near the space-charge region which 
can efficiently confine the lateral diffusion of the photocarriers generated by the modulated light source. Therefore a higher 
spatial resolution can be obtained. 
 Fig. 5 (a) Decay of the photocurrent observed at the edge of the metal electrode obtained with normal and tilted incidence of constant illuminations. (b) The 
amplitude and the spatial resolution as a function of the incident angle of the constant illumination. 
4. Conclusions 
In the novel photoexcitation method, the modulated light beam was surrounded with a ring of constant illumination. It was 
demonstrated by simulation that a higher spatial resolution was obtained by this method. However, the improvement of the 
spatial resolution comes with a drop of the amplitude of the photocurrent, and thus the signal-to-noise ratio, due to the carrier 
recombination. Therefore, the incident angle of the constant illumination was adjusted to confine the photocarriers in the vicinity 
of the depletion layer without enhancing recombination near the back surface. As indicated by the simulation results, the 
combined illumination with the larger incident angle of the constant illumination could improve the spatial resolution with less 
harm to the amplitude of the photocurrent. An optimized photoexcitation method with tilted constant illumination is expected to 
overcome the tradeoff between the spatial resolution and the signal-to-noise ratio. 
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